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Background: Gastroschisis requires surgical management soon after birth. Few pub-
lications have reached conclusion regarding the differences of outcomes between 
primary closure (PC) and a staged repair with silo pouch reduction (SR); as the initial 
management of gastroschisis.
Methods: A retrospective review was conducted in 44 newborns with gastroschisis 
between 1996 and 2007 at Chang Gung Children’s Hospital. We recorded and ana-
lyzed basic demographic data, including birth body weight, gestational age, size of 
the wall defect, initial operative procedure, outcomes, and mortality.
Results: The male-to-female ratio was 21:23. Patients had a low birth body weight 
(2263 ± 539 g, mean ± SD) and were borderline premature (gestational age = 36.3 ± 
1.86 weeks). Thirty-two patients received PC and 12 received SR as the initial treat-
ment. Seven of the newborn infants died because of delayed initial surgical interven-
tion (n = 2), operation-related complications (n = 4), or underlying multiple congenital 
anomalies (n = 1). The mortality rate was 16%. When comparing PC and SR (excluding 
“complicated” gastroschisis), there were no significant differences in survival, days 
of ventilator use, days to reach full enteral feeding, and hospitalization.
Conclusion: PC and SR are comparable as initial treatment modalities for gastro-
schisis. In addition to underlying gastrointestinal anomalies, the factors that led to 
significant morbidity in our study were bowel gangrene or perforation resulting from 
postponed surgical management and the development of abdominal compartment 
syndrome.
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1.  Introduction
Gastroschisis is a ventral body wall defect with 
herniation of abdominal contents, and it requires 
surgical management soon after birth. Except for 
rare case reports of left-sided gastroschisis, it usu-
ally occurs on the right side of a normally posi-
tioned umbilical cord. The reported prevalence of 
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gastroschisis varies between 0.1 and 11.3 per 10,000 
live births,1−3 and its incidence appears to have risen 
worldwide in the past 2 decades.1,4 Except for a case 
of gastroschisis with aneuploidy (Turner syndrome) 
which was reported recently,5 no chromosomal or 
genetic mutations have been found to be associ-
ated with gastroschisis. The protruding organs can 
become incarcerated during any period of fetal de-
velopment, and complications such as stillbirth, oli-
gohydramnios or polyhydramnios, intrauterine growth 
restriction,6 and damage of the herniated intestine 
from meconium or bile-stained amniotic fluid have 
been reported.7 An improved surgical management 
of gastroschisis has contributed to a survival rate 
greater than 90%,2,8,9 but morbidity with gastro-
schisis remains high.10,11 The influence of the initial 
surgical approach (primary closure or staged repair) 
on outcome and factors affecting mortality and mor-
bidity has not been fully determined. This study 
aimed to present the clinical features of newborns 
with gastroschisis in our hospital, compare the dif-
ferent outcomes between two initial surgical in-
terventions, and identify the risk factors associated 
with increased morbidity and mortality.
2.  Patients and Methods
We performed a retrospective chart review of new-
borns with gastroschisis at the Chang Gung Children’s 
Hospital between 1996 and October of 2007. There 
were 47 infants enrolled in the study. Three patients 
were excluded because of insufficient chart data. 
All of the remaining 44 patients were inborn. Clinical 
parameters were analyzed, including timing of di-
agnosis, size of the defect, the organs extruded, 
associated abnormalities, methods and timing of 
surgical repair, postoperative complications, and 
the patients’ demographics.
Elective cesarean delivery was the preferred ob-
stetric policy if the antenatal diagnosis had been 
made in our hospital or the referred cases were from 
regional hospitals. The live-born infants with gastro-
schisis were covered with warm saline-rinsed gauze 
with a sterile plastic bag for the exposed organs im-
mediately after birth. We preferred to perform im-
mediate repair using either primary reduction or 
staged closure with a silo pouch (SR), on the first 
day of life. Only two of our patients had their oper-
ations postponed, because of their parents’ refusal. 
The decision to perform either primary repair or 
SR was based on the surgeons’ choice.
Outcome parameters included time to full diet 
feeding, duration of mechanical ventilation and hos-
pitalization, occurrence of postoperative complica-
tions, and death. Complications can occur as follows: 
(1) immediately after surgery or be surgery-related, 
such as abdominal compartment syndrome (ACS), 
respiratory compromise, or shock and necrotizing 
enterocolitis; (2) because of associated abnormali-
ties, such as congenital heart disease, congenital 
gastric perforation, or bowel atresia; and (3) be-
cause of prolonged hospitalization, such as sepsis, 
central venous catheter infection, or nosocomial in-
fection. The presence of liver herniation, additional 
intestinal anomalies, and necrosis/perforation at the 
first surgery were considered as “complicated” gas-
troschisis. Patients were divided into two groups: 
those initially repaired by primary closure (PC) and 
those by SR. Four patients who converted later to 
SR because of increased intra-abdominal tension 
were included in the PC group. A χ2 test, Fisher’s 
exact test, and Student’s t test were used to as-
sess the differences between these two groups. 
Logistic regression analysis was performed to iden-
tify independent factors for mortality and morbid-
ity (SPSS for Windows 11.0; SPSS Inc., Chicago, IL, 
USA). A p value < 0.05 was considered significant.
3.  Results
A total of 44 neonates with gastroschisis were in-
cluded in this study (Table 1). There were 21 males 
and 23 females. A total of 32 patients had PC, 4 of 
whom were converted later to SR. Another 12 pa-
tients had SR at the first surgery. Birth weight, ges-
tational age, size of defect, mode of delivery, and 
the male-to-female ratio were not significantly dif-
ferent between the two groups. Only 77% of patients 
(34/44) were diagnosed prenatally, and all except 
one of them were born by elective caesarean de-
livery. A total of 10 patients without prenatal diag-
nosis were delivered vaginally. Although the two 
groups had slightly different extruded organs, this 
did not affect the surgeons’ decision to perform PC 
or SR as the initial treatment.
There were 12 (27%) patients with underlying 
gastrointestinal anomalies (Table 2). There was no 
significant difference between the two groups 
(10/32 [31%] in PC vs. 2/12 [16%] in SR, p = 0.286). 
All of these gastrointestinal anomalies were ob-
served by the surgeon at the first surgery, except 
for two patients with meconium ileus who were di-
agnosed by a lower gastrointestinal series at the age 
of 3 weeks. Furthermore, left cryptorchidism, which 
was confirmed at the first surgery, was noted in an-
other three patients without major gastrointestinal 
abnormalities.
The four patients with conversion from PC to SR 
had a slightly smaller birth body weight (1925 ± 478 g 
vs. 2279 ± 614 g, p = 0.688), a smaller number of ex-
truded organs (2.75 ± 0.5 vs. 3.30 ± 0.93, p = 186), and 
a larger size of defect (3.25 ± 0.5 cm vs. 3.11 ± 2.02 cm, 
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p = 0.612) compared with those in the other 23 pa-
tients receiving PC as the initial surgery, but this 
was not significantly different. Two of them devel-
oped definite ACS and both finally died. In addition, 
these four patients were significantly more prema-
ture than the other 23 patients (mean gestational 
age: 34.75 ± 3.2 vs. 36.65 ± 1.43, p = 0.001).
Immediate peri-operative and postoperative com-
plications occurred in five patients with gastro-
schisis. SR was postponed in one patient because 
the family initially rejected the procedure. His con-
dition deteriorated after the operation and he died 
on the ninth day of life (Table 3). Bowel perforation/
gangrene developed in three patients. One patient 
in the SR group developed bowel perforation after 
the initial surgery and died before laparotomy. 
Another two patients from the PC group required 
further surgical intervention. Enterocutaneous fis-
tula occurred in two patients. One patient with PC 
developed adhesion ileus 1 month after discharge. 
Necrotizing enterocolitis occurred in only one pa-
tient. Three patients developed short bowel syn-
drome; two of them were due to bowel gangrene 
at the first surgery and the third was from compli-
cations of necrotizing enterocolitis. All of these pa-
tients died from multiple organ failure. Sepsis and 
central line infection were the most common non-
gastrointestinal complications, followed by total par-
enteral nutrition-related cholestasis (n = 9), chronic 
lung disease (n = 3) and wound infection (n = 1).
With regard to outcomes (Table 4), there were 
no significant differences in survival and in days of 
Table 1  Clinical features of patients with gastroschisis by differential initial interventions: primary closure (PC) 
versus staged repair (SR)
 PC (n = 32) SR (n = 12) Overall patients (n = 44)
Gestational age (wk) (mean ± SD) 36.3 ± 1.8 36.3 ± 2.1 36.3 ± 2.0
Male:female 14:18 7:5 21:23
Birth body weight (g) (mean ± SD)  2206 ± 590 2413 ± 350 2262 ± 487
Small for gestational age*, n (%) 8 (25) 1 (8.3) 9 (20.5)
Size of defect (cm) (mean ± SD) 2.95 ± 1.77 3.41 ± 1.24 3.08 ± 1.56
C/S:NSD 23:9 10:2 33:11
Prenatally diagnosed gastroschisis, n (%) 24 (75) 10 (83.3) 34 (77.3)
*Small for gestational age was defined as birth weight below the 10th percentile for the given gestational age. C/S = cesarean 
delivery; NSD = natural vaginal delivery.
Table 2  Associated anomalies in 44 patients with 
gastroschisis
Associated anomaly PC (n) SR (n)
Nongastrointestinal 6 1
 Undescended testis 4 1
 Congenital heart disease 1 −
 Laryngomalacia/tracheomalacia 1 −
 Others* 2 −
Gastrointestinal (total n)† 10 2
 Bowel perforation/necrosis 3 −
  at first surgery
 Atresia/stenosis 6 −
 Microcolon 1 −
 Short small bowel 0 1
 Meconium ileus/meconium 1 1
  plug syndrome
 Hiatal hernia 1 −
*Facial dysmorphism and Pierre Robin sequelae; †p = 0.286. 
PC = primary closure; SR = staged repair with a silo pouch.
Table 3  Short-term and long-term complications in 
all patients with gastroschisis
 PC SRComplications
 (n) (n)
Immediate peri- and  6 2
 postoperation (total patient n)
 Abdominal compartment  2 0
  syndrome
 Respiratory compromise  4 1
 Shock  3 1
 Renal failure  2 1
 DIC  4 1
 Necrotizing enterocolitis  1 0
 Bowel perforation/necrosis/  2 1
  gangrene
Long-term complications 12 4
 (total patient n)
 Sepsis/central line infection  9 3
 Wound infection  1 0
 Jejunocutaneous fistula  2 0
 Intestinal stricture/stenosis  3 0
 Adhesion ileus  1 0
 Short bowel syndrome  2 1
 Total parenteral cholestasis  8 1
 Chronic lung disease  3 0
PC = primary closure; SR = staged repair with a silo pouch; 
DIC = disseminated intravascular coagulation.
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ventilator use between the two groups. It appeared 
that infants who underwent PC as an initial treat-
ment had a longer hospitalization and took a longer 
time to reach full enteral feeding than those who 
underwent PC. However, infants with “complicated” 
gastroschisis were all in the PC group. When these 
infants with complicated gastroschisis were excluded, 
there were no significant differences in days of 
hospitalization and time to reach full enteral feed-
ing between the two groups (p = 0.162 and 0.142). 
Operation-related complications were comparable 
between the two groups, and “additional repair” 
in the PC group included conversion into SR, an ad-
ditional fascial closure, laparotomy for extensive 
necrotizing enterocolitis, enterostomy for resection 
of gangrenous bowel and later closure, and Ladd’s 
procedure for malrotation or adhesion ileus.
Gestational age, gender, birth body weight, and 
size of the defect were not associated with the du-
ration of hospitalization or the time taken to reach 
full enteral feeding. However, patients with prena-
tal diagnosis who had cesarean delivery had a lower 
incidence of later mortality and morbidity in our 
series compared with those without prenatal diag-
nosis, which was reflected by a significantly shorter 
duration of hospitalization and time to full enteral 
feeding. Although the number of organs extruded 
did not affect the outcome, the only patient with 
liver extrusion took a significantly longer time to 
reach full feeding and had a longer duration of hos-
pitalization (142 days and 160 days, respectively, 
both p < 0.001).
4.  Discussion
It remains controversial whether PC or SR should be 
considered for the initial management of patients 
with gastroschisis.2,12,13 There has been a decrease 
in PC of gastroschisis in most medical centers since 
the introduction of a preformed silo pouch and si-
lastic spring-loaded silo.14 In developed countries, 
the reported rate of PC as the initial surgical inter-
vention ranges from 20−60%.14−16 A higher percent-
age (73%, 32/44) of our patients underwent PC as the 
initial intervention compared with the previous stud-
ies which might have resulted in different outcomes. 
The indication to choose PC or SR as the initial in-
tervention in our hospital depends on the surgeon’s 
decision, but surgeons prefer PC if the size of the de-
fect is small. Additionally, a PC can be performed 
immediately, and increased abdominal tension is 
acceptable after PC without risk of ACS. Although 
other studies have concluded that PC is associated 
with shorter duration of ventilation, achievement of 
full enteral feeding, and hospitalization,2,13 our re-
sults disagree with these findings. Our results are 
consistent with those of other studies that a coex-
isting anomaly or comorbidity, such as intestinal 
atresia, stenosis or perforation in an infant with gas-
troschisis will confer a worse prognosis.7,10 When we 
excluded these complicated gastroschisis cases, we 
found no significant difference in the outcome pa-
rameters between the PC and SR groups.
Gastrointestinal anomalies are the most common 
associated anomaly in patients with gastroschisis. 
Table 4 Outcome and survival rate of gastroschisis: primary closure (PC) versus stage repair with a silo pouch (SR)
 PC SR p
Total patient (n) 32 12
Complicated gastroschisis*   9†  0 0.047
 Additional operation after closure‡ 10  0 0.041
 Mechanical ventilation used (d) (mean ± SD) 18.31 ± 49.0 7.01 ± 5.24 0.095
 Operation related GI complications 11  2 0.223
 Non-GI complications 13  4 0.739
 Days of hospitalization (median, IQR) 55.91 ± 64.13 33.25 ± 8.74 0.023
 Days to full feeding (median, IQR) 38.52 ± 29.76 32.01 ± 7.83 0.037
 Mortality   5†  2 0.628
Uncomplicated gastroschisis (n) 23 12
 Mechanical ventilation used (d) 5.62 ± 7.89 7.00 ± 5.24 0.631
 Operation-related GI complications  4  2 1.000
 Non-GI complications  6  4 0.706
 Days of hospitalization 36.56 ± 31.47 33.25 ± 8.74 0.162
 Days to full feeding 34.57 ± 30.59 32.01 ± 7.83 0.142
 Mortality   2§  2 0.594
*Patients with liver herniation, bowel necrosis/perforation at first surgery, and bowel atresia/stenosis were considered as com-
plicated gastroschisis; †one patient had PC postponed until he was 10 days old, at which time bowel gangrene was noted; 
‡an additional operation after closure was required because of underlying complicated gastroschisis or GI complications after 
primary closure; §one patient had PC postponed until the 4th day of life. GI = gastrointestinal; IQR = interquartile range.
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The reported incidence ranges from 4−18%.2,12,16 The 
term “complicated” or “complex” gastroschisis is 
defined by the presence of gastrointestinal defects 
and liver herniation, because these patients are more 
likely to require extensive hospital resources and 
to have a diminished chance of survival.17,18 In our 
series, patients with meconium ileus and a short 
small bowel did not have complications from the 
operative procedure and were not hospitalized for 
longer periods. Because no additional surgical repair 
was necessary in these patients, we did not consider 
these patients as “complicated” gastroschisis.
Most studies have concluded that there is no dif-
ference in neonatal outcome between cesarean de-
livery and vaginal delivery,2,19,20 and some institutions 
prefer spontaneous vaginal delivery as the obstetric 
policy.10,11 In our study, the diagnosis of fetal gastro-
schisis was made by prenatal ultrasound in 77% of the 
cases, which is much lower than that in other de-
veloped countries.9 All except one of the patients 
had cesarean delivery. Those who were undetected 
prenatally and referred after delivery without prep-
aration for gastroschisis might have experienced 
significant fluid and heat loss from the exposed bowel 
before being stabilized in the neonatal intensive care 
unit. Our results confirm that correct prenatal sur-
veillance and diagnosis are important in reducing mor-
tality and morbidity of patients with gastroschisis.9,16
Necrotizing enterocolitis is reported to occur in 
9−20% of infants after repair of gastroschisis and it 
is responsible for significant morbidity.2,8,21,22 Only 
one patient in our study had necrotizing entero-
colitis. The factors that led to significant mortality 
in our study were bowel gangrene or perforation at 
the first surgery and the development of ACS. Two 
of our patients who presented with bowel gangrene 
or perforation at the first surgery had postponement, 
and both finally died from complications. This find-
ing indicates the importance and urgency of an 
immediate operation after birth as suggested by 
previous studies.15
It is recommended that infants with a gestational 
age greater than 37 weeks should start feeding later 
because of prolonged exposure of the eviscerated 
intestine to amniotic fluid and meconium.23,24 An-
other study concluded that delivery before 36 weeks 
is associated with a longer hospitalization and in-
creased difficulties of full enteral feeding compared 
with later delivery.25 In our study group, infants with 
a gestational age of less than 37 weeks reached 
full feeding earlier than those with a gestational age 
of 37 weeks or more (not significant) because few 
gastrointestinal complications were observed in 
these premature infants and most of our patients 
with underlying anomalies were near-term babies.
Contemporary treatment of gastroschisis is as-
sociated with a 10−25% incidence of postoperative 
intestinal or other life-threatening complications.2,12 
In our study, 39% of patients developed nongastroin-
testinal complications and 29% had gastrointestinal 
complications during their hospital stay. The higher 
incidence of postoperative complications can explain 
the higher rates of mortality in our series. Except 
for underlying gastrointestinal anomalies, we found 
that these gastrointestinal complications were mainly 
due to increased intra-abdominal pressure or even 
ACS after primary closure of patients with gastro-
schisis. There may be some underrecognized risk 
factors for the elevation of intra-abdominal pres-
sure after primary closure. We might have been able 
to optimize outcomes if increased intra-abdominal 
pressures had been accurately assessed and the 
onset of ACS had been immediately recognized in 
our patients.
In conclusion, there is a risk of developing ACS 
when PC is performed as an initial surgery. We found 
that there was an uneventful hospital course and 
improved outcome in infants with gastroschisis who 
had no associated gastrointestinal anomalies or post-
operative complications. Further advances in im-
proving outcomes can be achieved by developing 
methods and criteria that safely guide the surgeon 
in assessment of intra-abdominal pressure and de-
ciding whether PC or SR is appropriate.
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